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(54) METHOD FOR MEASURING CONCENTRATION DISTRIBUTION OF WATER 

(57)Abstract: 

PURPOSE: To measure the dielectric constant of a sample 
by use of a plurality of open type electrodes differed in 
electric length, and determined the concentration distribution 
of water in the depth direction of the sample from a specified 
formula of the obtained measured value of dielectric constant 
and the electric length of the electrode. 
CONSTITUTION: The tip of an electrode 10 is dipped in 
acetone, a step pulse is used as excitation signal to measure 
the reflected wave by TDR method. The excitation signal and 
the measured reflected wave are used to calculate the 
dielectric spectrum while changing the value of electric 
length rd, and the electric length at the time the value is 
consistent with the known dielectric spectrum of acetone is 
taken as the rd of the electrode. A glass plate 1 1 having a 
fluororesin tape 12 adhered thereto is put in a water bath 13, 
and the electrode 10 is set in the bath so as to be opposed 
to the fluororesin tape 12. A Z-stage 14 is vertically moved, 
whereby the distance X between the electrode 10 and the 
tape 12 is changed, and the dielectric constant at that time 

is measured. The expression is established among the electric length rd of the electrode 10, the 
measured value &epsi;obs of dielectric constant, and the dielectric constant &epsi; in a depth. In the 



expression, &epsi;(z) represents the dielectric constant in a depth (z) from the surface. 



LEGAL STATUS 

[Date of request for examination] 01.09.2000 

[Date of sending the examiner s decision of 

rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 3367279 

[Date of registration] 08.1 1 .2002 

[Number of appeal against examiner s decision of 
rejection] 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAAXhaylDDA408320297P1 .htm 2006/02/23 



Searching PAJ 2/2 ^— v 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9Jpdl.ncipi.gojp/PA1 /result/detail/main/wAAAXhaylDDA408320297P1 .htm 2006/02/23 



a JP,08-320297,A [CLAIMS] 



1/1 ^— V 



v " * NO'TICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The concentration distribution measuring method of the water which measures the 
dielectric constant of a sample using two or more open sand mold electrodes with which electric 
length differs, and is characterized by searching for concentration distribution of the water of the 
depth direction of a sample based on the relation of the measured value of a dielectric constant and 
the electric length of an electrode which were obtained. 

[Claim 2] The measured value of a dielectric constant and the electric length of an electrode are a 
degree type (1). 
[Equation 1] 



( — among a formula, epsilonobs (gammad) expresses the measured value of the dielectric constant 
measured using the electrode of electric length gammad, and epsilon (z) expresses the dielectric 
constant in the depth of z from a front face.) — concentration distribution measuring method of the 
water according to claim 1 which asks for relation with depth z and dielectric constant epsilon (z), 
and searches for concentration distribution of the water of the depth direction so that it may fill. 
[Claim 3] The concentration distribution measuring method of the water according to claim 2 which 
searches for concentration distribution of the water of the depth direction by the inverse 
transformation type of a formula (1). 



[Translation done.] 



CLAIMS 




(1) 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran.web_cgi_ejue?u=http%3A%2F%2Fwww4.i 2006/02/23 



a JP,08-320297,A [DETAILED DESCRIPTION] 
* NOTICES * 



1/8 s<— v 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the concentration distribution measuring method of 
the water which searches for distribution of the depth direction of the concentration of the water in 
the sample by measuring the dielectric constant of a sample. 
[0002] 

[Description of the Prior Art] Generally, the property of the sample which contains water like the skin 
or food is greatly influenced by the moisture content. Therefore, measurement of the moisture 
content of these samples becomes useful [ when grasping the property and condition of a sample, it 
is useful, and ], also when evaluating the engine performance of the chemical applied to the sample, 
cosmetics, etc. 

[0003] Then, the various water measurement approaches are proposed and used from before. For 
example, generally as a measuring method of the moisture of sample surfaces, such as the skin, the 
RF impedance method is used. However, since the RF impedance method is not observing the 
behavior of the water of a sample surface directly, there are many factors which affect measured 
value in addition to the moisture of a sample surface, and a problem is in repeatability. Moreover, the 
information acquired by the RF impedance method also has the problem that it is ambiguous what the 
depth of a thing it is, from a sample front face. Furthermore, by this approach, information about the 
condition of the water whether to be free water or to be bound water cannot be acquired, either. 
[0004] On the other hand, as the water measurement approach of a sample surface, the dielectric 
constant of a sample surface is measured and the approach of measuring the dielectric relaxation of 
the water which exists there is proposed. As a measuring method of dielectric relaxation, although 
there are a frequency-domain measuring method and a time domain reflection method (it abbreviates 
to the TDR method (Time Domain Reflectometry method) hereafter), the latter measurement 
technique and research of the application are advanced positively in recent years. 
[0005] This TDR method is an approach of impressing the excitation signal (for example, step pulse) 
of a specific wave to a sample, observing that reflected wave, asking for the complex permittivity of a 
sample from the phase of each frequency component of a reflected wave, and a strong change, and 
getting to know the physical properties of a sample based on it. For example, the example which 
performed a living body's water measurement by the TDR method is indicated by JP,2-1 10357,A 
(bottom right column of 17 lines of - often lines the 7th page of the 4th page top right column of this 
official report). According to this approach, since the moisture content in a sample can be measured 
in un-destroying and quantitatively and the information about the condition of the water whether to 
be free water or to be bound water can also be acquired, it is desirable. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the water measurement by the conventional 
TDR method, the average moisture content of the sample surface in a certain Mr. Fukashi cannot 
only pass from a sample front face to understand, and concentration distribution of the water of the 
depth direction of a sample cannot be known. Therefore, the problem that a chemical, cosmetics, etc. 
which were applied to the property of a sample, analysis of a condition, or a sample could not be 
evaluated was in the detail. 

[0007] In addition, the tape stripping method which measures the surface of a sample as an approach 
of searching for concentration distribution of the depth direction of a sample while exfoliating for 
every predetermined depth is learned. However, such an approach has the problem that it is 
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accompanied by an examiners-ed pain, when making especially the skin into a sample with 
destruction of a sample. Moreover, there is also a problem that concentration distribution of the 
depth direction cannot be searched for in sufficient precision. 

[0008] When this invention tends to solve the technical problem of the above conventional 
techniques, a dielectric constant is measured and it performs water measurement of a sample un- 
destructively and quantitatively according to dielectric relaxation measurement of the TDR method 
etc., it aims at concentration distribution of the water of the depth direction of a sample being 
acquired. 
[0009] 

[Means for Solving the Problem] this invention person is electric merit gammad. By measuring the 
dielectric constant of a sample using an open sand mold electrode Depth abbreviation [ from a 
sample front face ] gammad That the average moisture content of the range can be measured 
Header, Furthermore, when a dielectric constant is measured using two or more open sand mold 
electrodes with which electric length differs to the same part of a sample, Fixed relational expression 
is materialized between the electric length of each electrode, and the measured value of a dielectric 
constant, and it came to complete a header and this invention for the ability of concentration 
distribution of the water of the depth direction of a sample to be searched for based on it. 
[0010] That is, this invention measures the dielectric constant of a sample using two or more open 
sand mold electrodes with which electric merits differ, and offers the concentration distribution 
measuring method of the water characterized by searching for concentration distribution of the water 
of the depth direction of a sample based on the relation of the measured value of a dielectric 
constant and the electric merit of an electrode who were obtained. 

[0011] Hereafter, this invention is explained to a detail based on a drawing. In addition, the same sign 
expresses the same or equivalent component among each drawing. 

[0012] In this invention, the electrode which constitutes the field where it consists of an external 
electrode with which the core wire-like internal electrode was matched for the perimeter in the 
shape of the same axle through the insulator as the open sand mold electrode like the electrode A 
shown in drawing 2 or Electrode B, and the apical surface of an internal electrode and the apical 
surface of an external electrode touch a test portion is said. 

[0013] moreover, the degree type (2) whose electric length of an electrode is the relational 
expression of the electromagnetic wave V (omega) and its reflected wave R (omega) concerned at 
the time of preparing the load of complex permittivity epsilon* (omega) in the end of the transmission 
line of a coaxial cable etc., and impressing the electromagnetic wave V of angular frequency omega 
(omega) from the other end, and complex permittivity epsilon* (omega) of a load — setting — 
parameter gammad ****** — it is contained. 
[0014] 
[Equation 2] 

= ^L— - V <"> - R <"> -Z cotZ 
J co • r d V (o>) 4- R (<u) 

(2) 

j 

7 d=1 



d=eM©I^fi ) 

This electric merit gammad It can ask by measuring the reflected wave of a well-known standard 
sample by which complex permittivity epsilon* (omega) is known. 

[0015] Moreover, electric length is the physical quantity of the electrode proper which becomes 
settled with the configuration and magnitude of an electrode, and is not dependent on a measuring 
method. Therefore, also in the measuring method of which dielectric relaxation of a frequency-domain 
measuring method or a time domain reflection method (the TDR method), the electric length of an 
electrode is fixed. 

[0016] This invention is electric length gammad of such an electrode first. There is close relation to 
the measurement depth at the time of measuring the dielectric constant of a sample using this 
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electrode. Electric length gammad The measured value of the dielectric constant at the time of using 
an electrode is depth abbreviation [ from a sample front face ] gammad. It becomes the average 
dielectric constant of the range, therefore is electric merit gammad. It is depth abbreviation [ from a 
sample front face ] gammad by using an electrode. It is based on the knowledge that the average 
moisture content of the range can be measured. For example, as shown in the example 1 mentioned 
later, when it consists of a surface and two-layer [ lower layer ] and surface thickness measures 
dielectric relaxation about a sample equal to the electric merit of the electrode used for 
measurement, 63% of all the information (1-e-1) acquired with the electrode is the information from a 
surface. 

[0017] Moreover, this invention measures a dielectric constant using two or more open sand mold 
electrodes with which electric length differs to the same part of a sample after being premised on the 
above-mentioned knowledge, and is based on the knowledge that concentration distribution of the 
water of the depth direction of a sample can be searched for from the relation between the electric 
merit obtained by that cause and the measured value of a dielectric constant. Hereafter, it explains 
to this ******** detail. 

[0018] Electric merit gammad The value of the dielectric constant measured when an electrode is 
used is depth abbreviation [ from a sample front face ] gammad. When becoming the average value of 
the range If a certain relational expression can be formulized about how the dielectric constant in 
each depth of a sample is equalized, and actual measured value is obtained Concentration distribution 
of water can be calculated from the value of the electric merit at the time of measuring the dielectric 
constant of a sample using two or more electrodes with which electric length differs, and the 
measured value of a dielectric constant. Then, this formulation was tried. 

[0019] In this case, first, as shown in drawin g 1 (a), the common open sand mold electrode 1 which 
consists of external electrode 1b allotted core wire-like internal electrode 1a and internal electrode 
1a, and in the shape of the same axle was made to contact Sample S, and the measurement model 
system in the case of measuring a dielectric constant was assumed. As shown in this drawing, by this 
model system, it is thought as line of electric force which comes out from the head of an electrode 1 
that it exists from the thing passing through the front face of Sample S to what passes along the 
depths. Moreover, this model system is the capacitor d of the capacity [ head / of an electrode 1 ] 
according to the moisture content of Sample S, c2, and c3, — , ci. It is possible that it has connected 
and it possible that the capacitor of a different capacity for every depth along which line of electric 
force passes has connected with juxtaposition in equal circuit. 

[0020] Then, as Sample S is cut off by various thickness in the depth direction z and was shown in 
this drawing (b), each was used as the plate capacitor and this synthetic capacity was examined as 
an equal circuit model supposing the circuit which connected them to juxtaposition. 
[0021] It sets to drawin g 1 (b) and is the capacity Ci of each capacitor, d, c2, and c3, — , ci It is 
equivalent to the capacity at the time of connecting a capacitor to a serial, and is [0022]. 
[Equation 3] 

1/C i - Cl/c j ) -h (1/c 2 ) + (l/c s ) + - - - 4- (1/c j ) 

It is come out and expressed. Since the capacity of a capacitor is proportional to the dielectric 
constant of a sample, the above-mentioned formula can be expressed also about a dielectric 
constant. That is, when a dielectric constant changes in the depth direction continuously, average 
dielectric constant epsilonav (x) to the depth x is expressed as follows. 



When this invention person measured a dielectric constant by the various experiment systems 
belonging to this model system, dielectric constant epsilonav (x) found out having the weight of exp 
(- x/ gammad) and being equalized. Then, the measured value of the dielectric constant of this model 
system thought that epsilonobs (gammad) was expressed with a degree type (1) 
[0024] 
[Equation 5] 



[0023] 
[Equation 4] 

6 av 00 "I 




x 
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£ obs (rd) " 7t/t= 15 exp(-x/7d) dx (1) 

Mdz/eCz) 

0 

Here, epsilonobs (gammad) is electric length gammad. Expressing the measured value of the dielectric 

constant measured using an electrode, epsilon (z) expresses the dielectric constant in the depth of z 

from a front face. Moreover, the dielectric constant in this formula means the sum of dielectric 

constant epsiloninfinity in a field quicker enough than the relaxation time of water and relaxation on- 

the-strength deltaepsilon of water in dielectric constant measurement, and relaxation on-the- 

strength deltaepsilon of this water is proportional to the moisture content of a sample. 

[0025] It is easily verifiable that this formula (1) is materialized actually about the system from which 

concentration distribution of water does not change in the depth direction. That is, in epsilon(x) 

=epsilon (regularity), it is a degree type (3) from a formula (1). 

[0026] 

[Equation 6] 

^obs^ d > = * <-*) (3) 

It ****** and can verify that measured-value epsilonobs in this case (gammad) is not based on the 
electrode to be used, but becomes fixed. Furthermore, as shown in the example later mentioned also 
about the two-layer system of water (surface)-Teflon (lower layer), and the two-layer system of film 
(upper layer)-water (surface), it was verifiable that it is actually satisfied. 

[0027] therefore, concentration distribution of the depth direction of the relation of the measured 
value of a dielectric constant and the value of the electric merit of an electrode which measured the 
dielectric constant of a sample using two or more electrodes with which electric length differs in this 
invention, and were acquired by that cause to a sample — asking — facing — dielectric constant 
epsilonobs (gammad) of the above-mentioned formula (1), and electric merit gammad Relational 
expression can be used. 

[0028] During measurement of a dielectric constant, the dielectric constant of the same part of a 
sample is measured about the sample from which concentration distribution of water does not change 
with time using two or more electrodes with which electric length differs, and, more specifically, 
measured-value epsilonobs (gammad) of a dielectric constant is obtained for every electrode with 
which electric merits differ. And according to either the following approach a or the approach b, it 
asks for dielectric constant epsilon (x) in the depth x as concentration distribution of the water of a 
sample. 

[0029] Approach a: A suitable function is assumed to water's concentration distribution epsilon (x), 
and define the parameter of the function suitably further, while changing these parameters (for 
example, concentration, the depth, etc. in the part by which the concentration gradient of water and 
the concentration of water become fixed), calculate dielectric constant epsilonobs (gammad) by the 
formula (1), and ask for a function and a parameter in case the calculated value and actual measured 
value are in agreement. 

[0030] Approach b: The degree type which is an inverse transformation type of a formula (1) (4) 
[0031] 
[Equation 7] 

e (x) = 



- l 



d 
dx 



L' l (* d -*6bs Crd)) 



(4) 



( L-1 expresses inverse Laplace transform to s= 1 /gammad among a formula.) — it asks for 
waters concentration distribution epsilon (x). 

[0032] In the approach of this invention, as an electrode used in order to measure a dielectric 
constant, it becomes an open sand mold, i.e., a core wire-like internal electrode, from the external 
electrode arranged on the perimeter in the shape of the same axle through the insulator, and as long 
as it is the electrode which constitutes the field where the apical surface of an internal electrode and 
the apical surface of an external electrode touch a test portion, there is especially no limit. In this 
case, there is especially no limit also about the apical surface configuration of an internal electrode, 
for example, it can consider as circular, annular, etc. 
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[0033] Moreover, spacing in the apical surface of an internal electrode and an external electrode may 
be changed suitably that what is necessary is just to change suitably the area of the electrode apical 
surface to which an internal electrode contacts a sample as an approach electric length obtains a 
mutually different electrode, for example, for example, the consistency of an impedance with the 
coaxial cable which will connect the electrode of 100 micrometers or less of electric merits with an 
electrode for the apical surface of an internal electrode at the time of measurement of a dielectric 
constant by [ of 10 micrometers - 270 micrometers of diameters ] supposing that it is circular and 
setting spacing of an internal electrode and an external electrode to 10 micrometers - 310 
micrometers — good — it can obtain . 

[0034] Moreover, a dielectric constant is measured using such an electrode, with either a frequency- 
domain measuring method or a time domain reflection method (the TDR method), the approach itself 
which asks for the dielectric relaxation in that case is good, and it can be based on a respectively 
well-known approach. For example, the measurement by the TDR method itself can be based on the 
well-known approach indicated by JP,2-1 10357.A etc. 

[0035] There is especially no limit about the sample which the approach of this invention can make 
the measuring object. For example, that from which concentration distribution of water is changing 
with the depth from a sample front face can be widely made into the measuring object like the skin 
and food. 

[0036] Moreover, there is especially no limit also about the condition of the water contained in a 
sample. Concentration distribution can be measured [ free water ] also about bound water. For 
example, the water shown in the example 3 mentioned later can apply the approach of this invention 
also to motile low water further, although the relaxation time is 10psec extent. Moreover, by the 
sample containing the water of two conditions, free water and bound water, concentration distribution 
of the depth direction of each water can be acquired by applying the approach of this invention to the 
dielectric constant in two frequencies. 
[0037] 

[Function] According to this invention, it becomes possible to search for concentration distribution of 
the water of the depth direction of a sample from the relation of the measured value of a dielectric 
constant and the electric length of an electrode which are obtained by measuring the dielectric 
constant of a sample using two or more electrodes with which electric length differs. Therefore, it 
becomes possible to evaluate in a detail the property of a sample, analysis of a condition or the 
chemical applied to the sample, cosmetics, etc. 
[0038] 

[Example] Hereafter, this invention is concretely explained based on an example. 

[0039] Example 1 (i) Four electrodes E1 and E2 of A which the electrode configuration showed in this 
drawing as production **** of an electrode, and an electrode by a point consisting of internal 
electrode 1a, insulating material 1c, and external electrode 1b as shown in drawin g 2 , or B, E3, and 
E4 It produced. Moreover, the area S1 of the radius L of the apical surface of internal electrode 1a 
and the apical surface of internal electrode 1a, the area S2 of the apical surface which doubled 
internal electrode 1a and insulating material 1c, and the bore D of the apical surface of an external 
electrode were made into the value shown in a table 1, respectively. Internal electrode 1a and 
external electrode 1b used the electrode raw material as copper, and it was filled up with Teflon 
between internal electrode 1a and external electrode 1b as insulating material 1c. 
[0040] (ii) — measurement of the electric length of an electrode — the electric merit of the 
electrode of these was measured as follows. That is, the dielectric spectrum made the standard 
sample the acetone already known, dipped the head of an electrode in the acetone, and measured the 
reflected wave by the TDR method, using a step pulse as an excitation signal. And an excitation 
signal and the measured reflected wave are used and it is electric merit gammad. It considered as the 
parameter and the dielectric spectrum was computed from the formula (2). in this case, electric merit 
gammad Electric merit gammad when a dielectric spectrum is computed changing a value and the 
value of that computed dielectric spectrum is most in agreement with the known dielectric spectrum 
of an acetone Electric merit gammad of the electrode concerned ** — it carried out. This result was 
shown in a table 1 . 
[0041] 
[A table 1] 

Internal electrode External electrode Internal electrode Internal electrode gammad do + Insulator 
electrode Configuration Radius L Bore D Area S1 Area S2 (micrometer) (micrometer) (micrometer2) 
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(micrometer2) (micrometer) (micrometer) E1 B 51 334 8.2x103 8.8x104 40 36E2 A 4553020 6.5x105 
7.2x106290 340E3 A 255 1670 2.0x105 2.2x106 170 180E4 A 160 1050 8.0x104 8.7x105 115 130 (iii) 
By the related following ** of the electric merit of an electrode, and the measured value of a 
dielectric constant The relation between the electric merit of the electrode in the case of performing 
water measurement by the TDR method using these electrodes and the measurement depth of a 
dielectric constant is investigated, and it is electric merit gammad. The measured value of the 
dielectric constant at the time of using an electrode Depth abbreviation [ from a sample front face ] 
gammad In order to verify becoming the average dielectric constant of the range, various thickness of 
the water which is a surface was changed to the sample which consists of two-layer [ of water 
(surface)-Teflon (lower layer) ], and the dielectric constant in 100MHz was measured as follows. 
[0042] That is, as shown in drawin g 3 , what stuck the Teflon tape (dielectric constant 2 of Teflon) 12 
on the glass plate 1 1 was put into the water bath (dielectric constant 78 of water) 1 3, and the 
electrode 1 0 was set during the bath so that the Teflon tape 1 2 might be countered. Moreover, this 
water bath 13 was laid in Z stage 14, and attached the thickness gage 15 in Z stage 14. And by 
making Z stage 14 go up and down, the distance x of an electrode 10 and the Teflon tape 12 was 
changed, and the dielectric constant at that time was measured. In this case, as a measuring method 
of a dielectric constant, the TDR method which makes a step pulse an excitation signal was used. 
[0043] In this way, the obtained dielectric constant was shown in drawin g 4 . In addition, the dielectric 
constant rate of change of this drawing shows the value which standardized the dielectric constant of 
0 and water for the dielectric constant of Teflon with 100. Moreover, in this drawing, drawing of the 
lower berth is an enlarged drawing of the range of -100-400 micrometers of readings of the thickness 
gage of drawing of an upper case. Furthermore, the relation between -In (1 -dielectric constant rate 
of change) and reading of a thickness gage was shown in drawin g 5 R> 5. In addition, it means moving 
up, while, as for the field of a value negative in reading (namely, distance x of an electrode 10 and the 
Teflon tape 12) of a thickness gage, the electrode 10 had contacted the Teflon tape 12 in drawin g 4 
and drawin g 5 . 

[0044] the case where the electrode 10 is in contact with the Teflon tape 12 in measurement of such 
a dielectric constant — the excitation signal from an electrode 10 — oozing out — since it is carried 
out only to the Teflon tape 12, the dielectric constant observed shows constant value as shown in 
drawin g 4 . if the electrode 10 is separated from the Teflon tape 12 and both distance x is enlarged 
on the other hand — the excitation signal from an electrode 10 — oozing out — since the both sides 
of water and the Teflon tape 1 2 are reached, the dielectric constant observed becomes large, and if 
distance x is enlarged further, a dielectric constant will approach the normalization value 100 of water 
gradually. 

[0045] The fact that the plot shows straight-line relation in a field forward in distance x in drawin g 5 
here shows that the dielectric constant measured is changing exponentially to distance x. That is, it 
is [ dielectric constant / surface(water) ] epsilonobs about epsilon 2 and the dielectric constant 
observed in the dielectric constant of epsilon 1 and a lower layer (Teflon). Dielectric constant 
epsilonobs which will be observed if it carries out It turns out that it is expressed with a degree type 
(5). 

[0046] 
[Equation 8] 

£ obs =£ i" (*!-£ 2) exp (-x/do) ( 5 ) 

The inside of a formula, and do x is the inverse number of the slope of a line in a forward field in the 

plot of drawin g 5 . In this way, do calculated The value was shown in a table 1. A table 1 to this do A 

value is above-mentioned gammad. It turns out that it is in agreement. 

[0047] Then, it turns out that a formula (5) can be expressed as a degree type (6) 

[0048] 

[Equation 9] 

e obs = £ l ^ 2 ) ex P (-x/rd) (6) 

therefore, dielectric constant epsilonobs observed using the electrode of electric merit equal to 
surface(water) thickness **** — the information on surface(water) occupies 63% of weight — 
therefore — electric merit gammad the measured value of the dielectric constant at the time of using 
an electrode — depth abbreviation [ from a sample front face ] gammad It turns out that it becomes 
the average dielectric constant of the range. 
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[0049] (iv) — verification of a formula (1) — the case (refer to drawing 1 ) where the equal circuit of 
the above synthetic capacitors is considered about this system apart from this although, as for the 
sample which consists of two-layer [ of water (surface and dielectric constant epsilon 1)-Teflon (a 
lower layer and dielectric constant epsilon 2) ], it turned out that it is expressed like a formula (6) as 
mentioned above — dielectric constant epsilon 1 of water Dielectric constant epsilon 2 of Teflon 
[comparing — since it is large enough — 0050] 
[Equation 10] 



It can approximate. The inside of a formula, and xO It is the thickness of surface water. When this 

formula (7) is substituted for the above-mentioned formula (1), it is a degree type (8). 

[0051] 

[Equation 1 1] 

£ obs Crd) ^ f i" Cf i _f 2 ) ex P (-x 0 /7d) (8) 

This formula (8) is in agreement with the above-mentioned formula (6) obtained 
experimentally. Therefore, it sets in this system and is electric merit gammad of an electrode. 
Measured-value epsilonobs of a dielectric constant It was verifiable that a formula (1) is materialized 
between dielectric constant epsilon (z) in depth z. 

[0052] Example 2 (verification of the formula (1) in the two-layer system of film (surface)-water 
(lower layer)) 

First it is electric length gammad as an electrode. Five sorts which are 20 micrometers, 60 
micrometers, 115 micrometers, 170 micrometers, and 290 micrometers were prepared. 
[0053] On the other hand, as shown in drawin g 6 , water (dielectric constant = 78) was filled to the 
upper bed of water bath 13, a flare is contacted on it, the polyvinylidene chloride film (dielectric 
constant = 2.4) 16 with a thickness of 10 micrometers contacted the electrode 10 on the film 16, the 
reflected wave was measured by the TDR method like the example 1, using a step pulse as an 
excitation signal, and the dielectric constant was measured. This measurement was repeated about 
five sorts of electrodes. 

[0054] This result was plotted to drawin g 7 . Moreover, it asked for the dielectric constant by 

performing numerical integration of a formula (1) directly. The continuous line showed this result to 

drawin g 7 . From drawin g 7 , the actual measurement of a dielectric constant and the value of the 

dielectric constant by the formula (1) are well in agreement. Therefore, it was verifiable that a formula 

(1) is materialized also in the two-layer system of this film-water. 

[0055] Example 3 (analysis of concentration distribution of the water of the skin) 

As an electrode, it is electric length gammad like an example 2. Five sorts which are 20 micrometers, 

60 micrometers, 1 1 5 micrometers, 1 70 micrometers, and 290 micrometers were prepared. And the 

relaxation reinforcement of water was measured by the TDR method, having made the predetermined 

part of the healthy skin inside [ forearm ] people into the measuring object, and exchanging an 

electrode. This measurement was repeated about five sorts of electrodes. 

[0056] Concentration distribution of water was searched for by two kinds of approaches, the following 
(a) and (b), from the obtained relaxation reinforcement. 

[0057] (a) As concentration distribution of the water of the approach skin for which assumes 
concentration distribution of water and it asks from a formula (1), it is 0 on a front face, and it 
increased linearly by a certain Mr. Fukashi, and concentration assumed the model of being fixed and 
set to epsiloninfinity=3 in the still deeper place. And in such a model, numerical integration of a 
formula (1) was performed by having made into the parameter concentration of the water in the 
concentration gradient of the water in the range of Fukashi to whom the concentration of water 
becomes fixed from a front face, and the depths, it asked for the parameter by fitting, and 
concentration distribution of water was acquired. In this case, the sum of dielectric constant 
epsiloninfinity=3 by the side of a RF is set to dielectric constant epsilon (x) from the relaxation time 
of relaxation on-the-strength delta[ of water ] epsilon (x), and water. Then, it asked for the relaxation 
reinforcement of water by subtracting epsiloninfinity=3 from the obtained dielectric constant. 
[0058] Thus, the broken line showed the acquired concentration distribution (relaxation on-the- 
strength deltaepsilon (x) VS. depth x of water) to drawin g 8 , and the continuous line showed the 



x 





^ B 2 (X > X Q ) 
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relaxation reinforcement of the water which can be found by the formula (1) in this concentration 
distribution to drawin g 8 . Moreover, the actual measurement of the relaxation reinforcement of water 
was plotted to drawin g 8 to electric merit. Since the actual measurement of the relaxation 
reinforcement of water and the relaxation reinforcement of water which can be found by the formula 
(1) is well in agreement from drawin g 8 , it turns out that it has the concentration distribution which 
the skin showed to drawin g 8 with the broken line. 

[0059] In addition, although concentration distribution of water was expressed with the relaxation 
reinforcement of water to drawing 8 , the concentration of water can be obtained by dividing the 
relaxation reinforcement of water by 73 which is the relaxation reinforcement of 100% of water. 
[0060] (b) Since it was difficult, performing inverse transformation directly from the point of 
measurement of the approach fraction by the inverse transformation of a formula (1) presumed the 
function form of epsilonobs (gammad) from measurement data, and it performed it to the function. 
That is, it is a degree type (9) first as a function to which fitting of the actual measurement of a 
dielectric constant can be carried out. 
[0061] 

[Equation 12] 

( — aO, a1, a2, and a3 assumed parameter) among the formula. Inverse Laplace transform of this 

formula (9) serves as a degree type (10). 

[0062] 

[Equation 13] 

• £ 0 bs <rd>)= a 0 - -Jj - exp(- • x U 0) 

Then, it is each parameters aO and a1 of the above-mentioned formula (9), a2, and a3 so that the 
actual measurement of a dielectric constant may be suited first. It set and this asked for the formula 
(10). Next, this was substituted for the formula (4), the broken line showed the acquired 
concentration distribution to drawin g 9 like the above (a) as the depth x and relation with relaxation 
on-the-strength delta[ of water ] epsilon (x), and the continuous line showed the relation of a formula 
(9) to drawin gj? . Moreover, the actual measurement of the relaxation reinforcement of water was 
plotted to drawin g 9 . 

[0063] By any approach of of the above (a) and (b), the front face of the skin was dried and the 
concentration of water increased to a depth of about 70 micrometers in monotone from the skin 
surface, and when deeper than it, it turned out that it is about 70 % of the weight 
[0064] 

[Effect of the Invention] According to this invention, when performing water measurement of a 
sample un-destructively and quantitatively according to dielectric relaxation measurement of the 
TDR method etc., it becomes possible to acquire concentration distribution of the water of the depth 
direction of a sample. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the explanatory view of the equal circuit of the electrode in the system of 
measurement of this invention. 

[Drawing 2] It is the sectional view of the electrode used in the example. 

[Drawin g 3] It is the explanatory view of the approach of investigating the relation between the 
electric length of the electrode in the case of making the two-layer system of water-Teflon into a 
sample, and a dielectric constant. 

[ Drawin g 4] It is related drawing of reading of a thickness gage, and dielectric constant rate of 
change. 

[ Drawin g 5] It is related drawing of reading of a thickness gage, and dielectric constant rate of 
change. 

[ Drawing 6] It is the explanatory view of the approach of investigating relation with the dielectric 
constant measured with the electric length of the electrode in the case of making the two-layer 
system of film-water into a sample. 

[ Drawin g 7] It is related drawing with the dielectric constant measured with the electric length of the 
electrode at the time of making the two-layer system of film-water into a sample. 
[Drawin g 8] It is related drawing of the depth of the sample at the time of making the skin into a 
sample, and relaxation reinforcement. 

[ Drawin g 9] It is related drawing of the depth of the sample at the time of making the skin into a 
sample, and relaxation reinforcement. 
[Description of Notations] 

I Electrode 

1a Internal electrode 
1b External electrode 
1c Insulating material 
10 Electrode 

I I Glass Plate 

12 Teflon Tape 

1 3 Water Bath 

1 4 Z Stage 

1 5 Thickness Gage 

16 Film 
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[Drawing 1 ] 
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(1) fc:J:0****O«ftai*i:7ko««igi«oSIW 

[0 0 5 9] S:^ H8JcI«7jcO«ft»ft*7j«Dlfi*P5a 
fiT^bfc*^ 7jcO«ft3fifi€:7jc 1 0 0%O2gfa3fegT* 
7 3 t*SB* c £ J: c fctf-e* 

[0 0 6 0] (b) S (1) <Offig»fc<fc*#J£ 

£obs (yd) ©W»J^f-^^f,i£L, fOi 

y^-rv^tfSCfctfT^SBBftfcLT. (9) 
[0 0 6 1] 
[ftl 2] 



(i^, ao . ai x a2 N as ti/^;* — ^rS^ * [0 0 6 2] 
Lfc e COS (9) Offi^^X^fi^S (10)fc 20 mi 3] 

L " X (^ d • *obs (rd))=a 0 - ^ - expj- -J^)-ha 3 - 



<1 0) 



(9) ai , az , as £3£i6. 

CWCfcOj* (1 0) *2ft«>fco Jfcfc, ctl^S (4) 

^ftAt, t#6tife«fi»^*. ±is (a) tmmic 
x tTkoMft&mA e (x) tcom^tLrms^ 

BHTW*U (9) ©H«*B9KH»-e7RLfco * 50 
[0 0 6 3] J^±(D (a) . (b) (D\,^tl<DJimc& 
7 0 /imSfi$T*«7jcCD«fiti#MtcigJnL, J: 0 

ts^kiism 157 oii%r^§i:^^o 

/Co 

[0 0 6 4] 

[02] ^jBwefflt^cmaoBfffiH^feSo 

[03] *-f 7 D 2 I^^Si: t SS^fg 

<Dmnm£mmm£<DM&*m^&7j&<DmwmT+& 

[0 4] mtt0R»£Rtt*Xfc¥£0HffiH-?« 



[0 5] IH«M-<0R»2:BmXfbsp^OHffil97S 
[0 6] 7-f7l/A-7j«D2Ji3R*HSi:-r-5«-&(D«ffi 

(ow^m t mm 2 n * mmm t <o i»«*m^ & y^mcom 

[0 7] 7-r7l/A-7jc0 2»3R*K«fcLfc«*oaS 

[0 s ] Litm&<Dtm<D&z tm%m& 

[0 9] ft»*M»fcLfc»#oKSC)»Si:«ft3a* 

[fr^tDEHJE] 
1 '®£ 
1 a rtSffSS 
1 b ttSBiiSI 

1 c &mtt 
1 0 mm 

1 1 tf^Xffi 

1 2 ^yazy^—y 

1 3 7jCfS 

1 4 ZXr-i/ 

1 5 BUPft 

1 6 



-7- 



(9) 



fSBB^F 8-320297 



[0 4] [B7] 





